Objective: Our previous study showed that insulin resistance (IR) was related to endometrial hyperplasia as well as endometrial cancer. But the exact impact of IR on fertility-sparing treatment in endometrial hyperplasic disease is unclear. This study investigated how IR affects fertility-sparing treatment in endometrial atypical hyperplasia (EAH) patients. Methods: The 151 EAH patients received fertility-sparing treatment were retrospectively investigated. All patients received high-dose progestin combined with hysteroscopy. Therapeutic effects were evaluated by hysteroscopy every 3 months during the treatment. Results: The median age was 33.0 years old (range, 21-54 years old). Sixty-one patients (40.4%) were insulin resistant. Three patients were excluded from the analysis because they chose hysterectomy within 3 months after initiation of progestin treatment. The 141 out of 148 (95.3%) patients achieved complete response (CR). No difference was found in cumulative CR rate between those with or without IR (90.2% vs. 95.6%, p=0.320). IR significantly affected therapeutic duration to achieve CR (8.1±0.5 months with IR vs. 6.1±0.4 months without IR, p=0.004). Overweight (body mass index [BMI]≥25 kg/m 2 ) was associated with higher risk of treatment failure (odds ratio=5.61; 95% confidence interval=1.11-28.35; p=0.040) and longer therapeutic duration to achieve CR (7.6±0.5 months vs. 6.3±0.4 months, p=0.019). EAH patients with both IR and overweight (IR+BMI+) had the longest therapeutic time compared with other patients (8.8±0.6 months vs. 5.6±0.7, 6.3±0.4, and 6.4±0.8 months for IR−BMI+, IR−BMI−, and IR+BMI−, respectively, p=0.006). Conclusion: IR and overweight were associated with longer therapeutic duration in EAH patients receiving progestin-based fertility-sparing treatment.
INTRODUCTION
Insulin resistance (IR) has long been regarded as one of the most important risk factors of endometrial cancer (EC). Our previous study also showed that IR is an early event during the development of endometrial hyperplasia to cancer [1] . About 30% of patients suffering from endometrial hyperplasia without atypia, atypical hyperplasia and cancer were complicated with IR. IR might promote the development of endometrial hyperplasia to cancer through However, it is not clear whether IR has any impact on the therapeutic effects of fertilitysparing treatment in endometrial atypical hyperplasia (EAH) and early-stage, welldifferentiated EC. Reports showed that body mass index (BMI) ≥25 kg/m 2 and elder age at diagnosis were associated with a lower complete response (CR) rate [4] [5] [6] . Although higher BMI and elder age are both associated with IR, the evidences found between them and the fertility-sparing treatment results cannot be used to postulate directly that IR is associated with poor therapeutic effects in EAH or EC patients. Furthermore, the synergetic effects of IR and BMI ≥25 kg/m 2 in fertility-sparing treatment are also unclear.
Investigating the effects of IR on fertility-sparing treatment might help us better understand the role of IR in EAH patients to further improve the conservative therapeutic effects. Also, we explored some other possible risk factors affecting therapeutic effects and their relationship to IR.
MATERIALS AND METHODS

Study population
Patients receiving fertility-sparing treatment in Obstetrics and Gynecology Hospital of Fudan University from September 2011 and June 2016 were retrospectively investigated. Clinical and histopathological data as well as follow-up data were collected. This retrospective study was approved by the Ethics Committees of Obstetrics and Gynecology Hospital of Fudan University (approval No. [2014 (approval No. [ ]11-X-2014 ).
All patients were diagnosed with EAH by endometrial biopsy through dilation and curettage (D&C) with or without hysteroscopy. Pathological diagnosis was confirmed by at least 2 experienced gynecological pathologists according to the World Health Organization (WHO) pathological classification (2014). If their opinions differed, a seminar was held in the pathological department for the final diagnosis. At our institution, patients were considered candidates for fertility-sparing treatment when: 1) younger than 45 years old, 2) they had strong desire to preserve fertility, 3) they had no contraindication for progestin treatment, 4) they were not pregnant, and 5) they had good compliance for treatment. Contraindications included: 1) severe medical diseases, such as liver or renal failure, and 2) other malignant diseases in reproductive system or other progestin-dependent cancers such as breast cancer. All patients had signed informed consent for the treatment.
Patient evaluation
The evaluation was done after pathological diagnosis was made yet before any treatment was given. General information was collected, including age, weight, height, history of medical complications (e.g., hypertension, diabetes, or heart attacks), and corresponding therapeutic history. Blood samples were tested for fasting blood glucose (FBG), fasting insulin (FINS) and lipid panel.
All blood samples were collected and examined in the laboratory of the Obstetrics and Gynecology Hospital. FBG and blood lipid levels were measured by a Hitachi fully automatic biochemical analyzer (Hitachi, Tokyo, Japan ). BMI ≥25 kg/m 2 was considered as overweight. The homeostasis model assessment-insulin resistance (HOMA-IR) index was used to evaluate IR status. The HOMA-IR value was calculated as FBG (mmol/L)×FINS (μU/mL)/22.5. According to the distribution of non-diabetic patients' HOMA-IR values in our previous study [1] , we chose 2.95, the lower limit of the top quarter, as the cut off value. When HOMA-IR was ≥2.95, we considered the patient to be insulin resistant. The metabolic syndrome (MS) criteria were as follows: 1) elevated waist circumference, which is ≥80 cm for Chinese women, 2) elevated triglycerides (TGs; patients on treatment for elevated TGs was an alternative indicator): TGs ≥150 mg/dL, 3) reduced high density lipoprotein cholesterol (HDL-C; patients on treatment for reduced HDL-C is an alternative indicator): HDL-C <50 mg/dL in female, 4) elevated blood pressure (antihypertensive treatment in a patient was an alternative indicator): systolic pressure ≥130 mmHg and/or diastolic pressure ≥85 mmHg, and 5) elevated FBG (patients on treatment for elevated FBG was an alternative indicator): FBG ≥100 mg/dL. Patients who met any 3 of the 5 criteria above were diagnosed with MS.
Fertility-sparing treatment and evaluation
All patients received medication after diagnosis. Progestin therapy was oral megestrol acetate (MA) at a dose of 160 mg/day. Some patients also received metformin 1,500 mg/day according to the doctor's choice.
Complete hysteroscopic evaluation was carried out every 3 months during the medical treatment. If only endometrial biopsy was done or the endometrial lesion was removed incompletely, another hysteroscopy within one month would be given to complete the evaluation after initiation of progestin treatment. In each hysteroscopic evaluation, the whole uterine cavity, especially area around the orifices of fallopian tubes and the lower segment near internal orifice of cervix were carefully evaluated. Suspected lesions were removed completely. Curettage was the most common way to remove the lesion so that endometrial basal layer could be preserved. Electronic resection was used only if myometrial invasion was suspected or the lesion was less than 2 cm in diameter. If there was no lesion suspected, a random endometrial biopsy would be done to evaluate the therapeutic effects.
The response to progestin treatment was assessed histologically using specimens obtained during each hysteroscopic evaluation. CR was defined as the absence of hyperplasia or carcinoma. Partial response (PR) was defined as presence of hyperplasia without atypia. No response (NR) was defined as persistence of atypical hyperplasia. Progression was defined as evidence of potential EC.
Once the patient achieved CR, the same regimen would be administered for another 2-3 months for consolidation. The patient was asked to receive assisted reproductive technology as soon as consolidating treatment was completed.
Definitive hysterectomy was recommended if NR was found after 6 months of treatment or progression was found at any time during treatment. For patients remained NR after 6 months of treatment but refused hysterectomy, alternative treatment would be given to the patient according to doctor's choice. These alternative treatments included 160 mg MA per day combined with 1,500 mg metformin per day (for those who used MA alone), 
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ethinylestradiol cyproterone one pill per day for 21 days out of 28 day-cycle combined with metformin 1,500 mg per day or levonorgestrel intrauterine system (LNG-IUS) insertion.
Maintenance and follow-up
Low-dose cyclic progestin, or oral contraceptives, or a LNG-IUS was administered to patients without close pregnancy or after delivery to prevent recurrence. The patient was followed up every 3 to 6 months. Ultrasound and endometrial biopsy by Pipelle were used to evaluate the endometrium.
Adverse effects were recorded during the entire treatment and follow-up period, including weight gain, thrombosis, lactic acidosis, abnormal liver and renal function, and other toxicities or complaints.
All patients were followed up till July 2017.
Statistical analysis
Duration to achieve CR was measured from the time point of initiating progestin treatment to the time point diagnosing CR pathologically by hysteroscopy. Recurrence-free survival (RFS) was defined as the time, in months, from the date of achieving CR to the date of relapse or censoring.
All data were presented descriptively as medians, means or proportions. Values between 2 groups were compared using Student's t-test or the Mann-Whitney U test. Frequency distributions were compared using the χ 2 test, except if the expected frequency was <5, when Fisher's exact test was employed. A logistic regression model was used for univariate analysis and multivariate analysis of the relationship between covariates and CR in response to treatment. Therapeutic duration and RFS were estimated by the Kaplan-Meier method and compared between groups using log-rank test. The p-values <0.05 in 2-sided tests were regarded as significant. All statistical analyses were performed using SPSS for Mac (version 20.0; IBM, Armonk, NY, USA).
RESULTS
Patient characteristics
A total of 151 EAH patients receiving fertility-sparing treatment were evaluated. The characteristics of patients are shown in Table 1 . The median age at diagnosis was 33 years old with a range from 21 to 54 years old. Three patients with age ≥45 years old (47, 48, 54 years old, respectively) who insisted on uterus preservation were also included after being fully informed.
Of the 151 patients, 82 (54.3%) received daily oral MA only. The 69 patients (45.7%) received daily oral MA plus metformin.
The 61 out of 151 (40.4%) patients were classified as insulin resistant. No significant difference was found in age, parity and metformin use between IR and non-IR patients. The distribution of BMI, MS, and diabetes mellitus, which are associated with IR, were significantly different between groups with and without IR. IR patients had higher BMI level (p<0.001), less MS (p<0.001), and less diabetes mellitus (p=0.010) than non-IR patients. 
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The median follow-up time from patients achieving CR to our final follow-up time point was 12 months (range, 1-55 months).
Outcome of fertility-sparing treatment
Out of the 151 patients, 3 patients chose hysterectomy only with progestin treatment for 3 months. They were all diagnosed as EAH with the pathological reports post-hysterectomy and refused for further fertility-sparing treatment. We excluded these 3 patients for calculation of cumulative CR rate because 3 months of treatment was too short for progestin treatment to achieve response for most of patients. Among the remaining 148 patients, 141 (95.3%) achieved CR after progestin treatment. The mean duration of progestin treatment for achieving CR was 6.9±0.3 months (range, 1-15 months).
Seven patients did not achieve CR in our program. Three of them quit the progestin treatment in the middle with hysterectomy, who were one patient diagnosed as endometrioid cancer by hysteroscopy 3 months after progestin treatment (the pathological report showed grade 1 endometrioid cancer with superficial myometrium invasion for the patient with cancer); one EAH patient with 6 months of treatment and one EAH patient with 12 months of treatment. The other 4 were still on the progestin treatment. One patient was partially recovered after 9 months of treatment and turned to oral cyclic medroxyprogesterone acetate treatment. Three patients remained NR after 6 to 9 months of MA treatment then turned to LNG-IUS, and they all received a total of 15 months of treatment by the end point of our follow-up and refused definitive surgery regardless of our recommendation.
No severe adverse effect was noted in all patients studied.
Among the 141 patients achieved CR, 56 patients prepared to get pregnant recently. The 25 of them achieved at least one pregnancy (median follow-up duration, 7 months, with the range of 1-25 months), for whom, 22 received assisted reproduction treatment while the other 3 got pregnant spontaneously.
The relapse rate was 10.1% (14/138) and the median time interval to recurrence was 14 months (range, 3-55 months). Ten out of the 14 relapsed as they did not use any preventive regimen after achieving CR. Another 4 relapsed during reproductive assistant therapy. No patient on continuous cyclic oral contraceptive pills or LNG-IUS relapsed (Fig. 1) . 
IR affected fertility-sparing treatment duration in EAH patients
To answer whether IR affected the therapeutic results in EAH patients on fertility-sparing treatment, we first analyzed possible factors affecting CR rate and therapeutic duration to achieve CR. We found that IR and BMI significantly affected fertility-sparing therapeutic effects ( Table 2) . No difference was found in cumulative CR rate between groups with and without IR (90.2% vs. 95.6%, p=0.320). But patients with IR took longer to achieve CR compared with those without IR (8.1±0.5 months vs. 6.1±0.4 months, p=0.004) ( Fig. 2A) rate in patients with BMI ≥25 kg/m 2 and those <25 kg/m 2 were 88.1% and 97.6%, respectively. After adjusting for patient age, medical co-morbidity, parity and metformin use, BMI ≥25 kg/ m 2 remained to be significantly correlated with poor CR rate (OR=5.77; 95% CI=1. 12-29.73; p=0.040) . Also, patients with BMI ≥25.0 kg/m 2 needed longer treatment to achieve CR compared with BMI <25.0 kg/m 2 (7.6±0.5 months vs. 6.3±0.4 months, p=0.019) (Fig. 2B) .
As not all patients with IR are complicated with high BMI, the next question we asked was whether there is any difference in the therapeutic effects between IR patients with or without 
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Time (mo) p .
p . high BMI. We divided patients into 4 groups according to their IR and BMI status as shown in Table 3 and Fig. 2C . The result showed that IR+BMI+ patients (insulin resistant and BMI ≥25 kg/m 2 ) had the longest therapeutic duration (8.8±0.6 months) to achieve CR compared with other 3 groups (p=0.010). Treatment duration in IR+BMI+ group was significantly longer than all the other 3 groups (IR+BMI+ 8.8±0.6 months vs. IR−BMI+ 5.6±0.7 months, p=0.004; vs. IR−BMI− 6.3±0.4 months, p=0.003; vs. IR+BMI− 6.4±0.8 months, p=0.019).
Time (mo)
IR+BMI+ Patients had a pregnant rate of 27.3%, which was lower than other 3 groups but without significant differences (p=0.601) ( Table 3) . Neither IR nor BMI ≥25.0 kg/m 2 was found to affect relapse rate in this study (data not shown).
DISCUSSION
Epidemiological studies have shown that IR is an important risk factor for the development of EC [7] . In our previous study, we found that increased insulin levels and IR were remarkably related to disordered proliferative endometrium, endometrial hyperplasia and EC [1] .
Studies have demonstrated that IR plays an important role in the development of EC [8, 9] . However, the role of IR in EAH and EC patients on fertility-sparing treatment in is unclear. Our study demonstrated that IR negatively affected progestin-based conservative treatment duration in EAH patients. Patients complicated with IR needed longer time to achieve CR compared with those without IR.
Our findings are consistent with current reports that higher BMI correlates with worse therapeutic effects and higher recurrence in EAH and EC patients [6, 10, 11] . Our study confirmed that BMI ≥25 kg/m 2 was associated with lower CR rate and longer treatment duration to achieve CR in EAH patients. As IR is positively related to BMI [12, 13] , IR might also play a role in the poor prognosis of overweight EAH and EC patients.
The fact that both IR and BMI ≥25 kg/m 2 negatively affected progestin-based fertility-sparing treatment duration in EAH or EC patients indicated that IR and overweight might play a synergistic role in counteracting progestin function and therefore compromised its therapeutic effects. We suppose that IR or overweight induced overproduction of peripheral and local estrogen [14] , abnormal function of endometrial stromal cells [15] , and the local inflammatory environment induced in the endometrium [3] might be the culprit causing less favorable therapeutic effects in these patients. Study showed that IR and increased body fat promoted estrogen production in both ovary and peripheral adipose tissue [16] . Hyperinsulinemia and higher BMI also indirectly down-regulated sex hormone-binding globulin (SHBG) level, which increased circulating free estradiol level [17, 18] . Some literatures reported that IR up-regulated estrogen sensitivity in endometrium through sensitizing the estrogen receptor and G-protein coupled receptor (GPER) [19, 20] . Piltonen et al. [15] showed that endometrial stromal fibroblasts from women with polycystic ovary syndrome (PCOS; for whom IR is a main characteristic) exhibited an aberrant decidualization response to progesterone and concomitant changes in pro-inflammatory cytokine, chemokine, and matrix metalloproteinase (MMP) release and immune cell chemoattraction. Inflammatory microenvironment induced by IR might result in progestin resistance in endometrium [21] . Tumor necrosis factor (TNF)-α and interleukin (IL)-1β could directly decrease progesterone receptor isoforms, possibly via epigenetic modifications [22, 23] . Pro-inflammatory cytokines may disrupt receptor function through alterations in steroid receptor chaperone proteins, by directly competing for receptor co-regulators or interfering the functional bridges connecting PR and transcription factors, such as FOXO1, which is essential for expression of key PR target genes [24, 25] . In general, these possible mechanisms potentially work together leading to the progestin resistance in endometrium for overweight women with or without IR.
Metformin is an insulin sensitizer, which has been widely investigated to treat various malignant diseases adjunctively. Studies have been carried out to explore the effects of metformin on fertility-sparing treatment for EAH and EC patients [26, 27] . Whether metformin could improve the therapeutic effects in them especially with IR is unclear yet. Our pilot study showed that metformin combined with MA might shorten therapeutic duration to achieve CR in EAH patients, while no significant improvement in CR rate [28] . A prospective randomized controlled trial (NCT01968317: Megestrol Acetate Plus Metformin to Megestrol Acetate in Patients with Endometrial Atypical Hyperplasia or Early Stage Endometrial Adenocarcinoma) done by our team is recently closed and the results will be provided in the near future which might help answer these questions.
In our study, the CR rate in the 148 EAH patients was 95.3% and the treatment duration to achieve CR was 6.9 months, which is a relatively decent outcome for fertility-sparing treatment [29, 30] . A recent study showed that the overall response rate, evaluated by curettage or endometrial biopsy every 3 or 6 months, in 88 patients with EAH or EC was 87.5% with the median treatment time at 8 months [10] . In the study conducted by Pronin et al. [31] , treatment of the LNG-IUS insertion showed 92% (35/38 cases) CR rate at 9 to 12 months, evaluated by Pipelle endometrial biopsy or curettage by hysteroscopy. Our treatment efficacy was better compared with these data. We suppose that thorough evaluation of the uterine cavity and complete removal of endometrial lesion by hysteroscopy might help improve the fertility-sparing treatment effects in EAH and EC patients. Hysteroscopy can help remove endometrial lesion under direct visualization without harming other healthy endometrium and basal layer [32] [33] [34] . Further study of hysteroscopy combined with progestin in fertility-sparing treatment in EAH and EC patients is being carried out in our hospital.
Our study still has some limitations. We only analyzed EAH patients in our study retrospectively. A prospective study in both EAH and EC patients with a standardized evaluation and treatment protocol might provide more information about the effects of IR on fertility-sparing treatment in these patients.
In conclusion, the results of our study indicated that IR and BMI ≥25 kg/m 2 negatively affected progestin-based fertility-sparing treatment duration in EAH patients. As this is an initial study, we want to support the future investigations with these findings and contribute to the improvement of the therapeutic effects of fertility-sparing treatment for EAH and EC patients. 
